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Abstract

KCNT1 mutations are associated with childhood epilepsy, developmental delay, and vascular
malformations. We report a child with a likely pathogenic KCNT1 mutation (c.1885A>C,
p.Lys629Glu) with recurrent pulmonary haemorrhage due to aortopulmonary collaterals
successfully managed with coil embolisation followed by right upper lobectomy.

Introduction

KCNT1 encodes a sodium-activated potassium channel (Slack Kþ (KNa1.1)) in the human
central nervous system. Pathogenic KCNT1 mutations are associated with epileptic syndromes
such as infantile epileptic encephalopathy and nocturnal frontal lobe epilepsy.1,2 Other
phenotypic manifestations in KCNT1 mutation carriers include development of systemic-
to-pulmonary artery collaterals, intermittent corrected QT interval prolongation, and
severe developmental delay.3 The systemic-to-pulmonary artery collaterals may result in
high output cardiac failure, or severe pulmonary haemorrhage, and are known to recur
despite multiple catheter-based interventions.4 We present a case of a child with a likely
pathogenic KCNT1mutation (c.1885A>C, p.Lys629Glu) presenting with severe pulmonary
haemorrhage, treated with coil embolisation of systemic-to-pulmonary artery collaterals
followed by right upper lobectomy.

Case report

A 3-year-old female carrier of a likely pathogenic KCNT1 mutation with intractable
epilepsy and gross developmental delay presented to the emergency department with an
acute episode of bleeding from the nose and oropharynx and prolonged seizure episodes.
Her other medical problems included a history of prolonged corrected QT interval and
torsade de pointes following quinidine administration, a patent foramen ovale, congenital
hydronephrosis, respiratory distress, persistent pulmonary hypertension in the newborn
period, and feeding difficulties resulting in gastrostomy tube placement. Of note, she had a
previous pulmonary haemorrhage 2 years prior to this admission which self-resolved.

On presentation, her vitals were stable except for intermittent episodes of desaturation to
80% on room air. She had mild tachypnoea with coarse breath sounds bilaterally on
auscultation. She had a small laceration on her tongue. Her labs were normal with
haemoglobin of 12 g/dl. The chest X-ray in the emergency department initially showed
collapse of the right lung, which showed improved aeration and multifocal right lung
infiltrates after non-invasive positive pressure ventilation, suggesting either aspiration of
blood or atelectasis. She was admitted to the cardiac intensive care unit and underwent a
direct laryngoscopy and upper gastrointestinal endoscopy, both of which did not show any
significant abnormality. The patient continued to have desaturation episodes requiring
escalation of non-invasive positive pressure ventilation and was noted to have bloody
secretions from her mouth and nose. A CT angiogram of chest/abdomen was performed to
identify the source of persistent bleeding.

The CT angiogram revealed complete right upper lobe opacification and a remarkable
burden of systemic-to-pulmonary artery collaterals supplying the right upper lobe (Fig 1).
The rest of the lung segments did not have extensive collateral burden. An echocardiogram
showed normal left ventricular size and function and no signs of pulmonary hypertension.
After a multidisciplinary discussion, decision was made to perform coil embolisation of
collaterals followed by a right upper lobectomy as definitive treatment. Informed consent
was obtained from the parents explaining the pathology, a high likelihood or recurrence
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with only catheter-based interventions, and possibility of
pulmonary haemorrhage originating from other areas of either
lung in the future.

Three distinct systemic-to-pulmonary collaterals were embol-
ized in the cardiac catheterisation lab in preparation for the surgery
(Fig 2). The patient was taken to the operating room four days after
the embolization. A right upper lobectomy was performed through
a right thoracotomy. Intra-operative findings included evidence of
haemorrhage in the right upper lobe and significantly dilated and
tortuous vessels running along the bronchi. The patient was
extubated in the operating room and returned to the cardiac ICU.
Her post-operative course was uneventful except for a post-chest
tube removal pneumothorax, which required percutaneous pigtail
catheter placement. The pathology showed areas of atelectasis with

increased haemosiderin deposition suggestive of old haemorrhage
and abnormally hypertrophied arterial vessels characteristics of
systemic-to-pulmonary arterial malformations.

Discussion

Severe pulmonary haemorrhage is a life-threatening manifestation
of systemic-to-pulmonary artery collaterals in KCNT1 mutation
carriers. Even after multiple catheter-based interventions, these
patients can have recalcitrant pulmonary haemorrhage, whichmay
result in repeated hospitalizations or death.4,5 In a young child with
developmental delay, pulmonary haemorrhagemaymasquerade as
epistaxis or haematemesis. A high index of suspicion is required
to diagnose and treat pulmonary haemorrhage in these patients. A
CT angiogram of chest is an excellent study to locate the source of
haemorrhage in these patients.

Even though embolization has been described as first-line
treatment, the recurrence of pulmonary haemorrhage in KCNT1
mutation carriers after several catheter-based interventions
mandates more definitive intervention. Pulmonary haemor-
rhage arises from bronchial arteries and systemic-to-pulmonary
artery collaterals. In various lung pathologies causing pulmo-
nary haemorrhage, it is well established that lobectomy offers
definitive treatment. However, it has not been reported as a
treatment option in KCNT1 mutation carriers. In this case
report, we present lobectomy as a definitive treatment option for
pulmonary haemorrhage in KCNT1 mutation carriers, particu-
larly those with pathology localised to a single pulmonary lobe.

We performed pre-operative embolization of the collaterals to
decrease the risk of significant haemorrhage during the lobectomy.
Despite large collaterals, we were able to keep the blood loss at a
minimum. The patient had an uncomplicated post-operative
course except for post-chest tube removal pneumothorax and went
home on room air. Lobectomy was well tolerated in this patient.
After 3 months of follow-op, the patient continues to do well and
has not had another further episode of haemoptysis.

Conclusion

Pulmonary haemorrhage due to aortopulmonary collaterals is
a life-threatening complication in a subset of KCNT1 mutation
carriers. Although catheter-based interventions may temporise the
pathology, recurrence is common and can potentially be fatal. In
recurrent cases, particularly those with a majority of aortopulmo-
nary collaterals limited to a single lung lobe, pulmonary lobectomy
could be the definitive treatment option and can be lifesaving.

Acknowledgements. None.

Financial support. This research received no specific grant from any funding
agency, commercial, or not-for-profit sectors.

Competing interests. None.

Ethical standard. This research does not involve human and/or animal
experimentation.

References

1. Quraishi IH, Stern S, Mangan KP, et al. An epilepsy-associated KCNT1
mutation enhances excitability of human iPSC-derived neurons by
increasing slack K Na currents. J Neurosci 2019; 39: 7438–7449.

Figure 1. CT angiogram of chest/abdomen showing extensive systemic-to-pulmo-
nary collaterals and right upper lobe infiltrate.

Figure 2. Catherterisation and embolization of systemic-to-pulmonary arterial
collaterals. Hollow black arrows mark large collaterals in anteroposterior and lateral
views.

702 D. Chauhan et al.

https://doi.org/10.1017/S104795112300447X Published online by Cambridge University Press

https://doi.org/10.1017/S104795112300447X


2. Lim CX, Ricos MG, Dibbens LM, Heron SE. KCNT1 mutations in seizure
disorders: the phenotypic spectrum and functional effects. JMedGenet 2016;
53: 217–225.

3. Kohli U, Ravishankar C, Nordli D. Cardiac phenotypic spectrum of KCNT1
mutations. Cardiol Young 2020; 30: 1935–1939.

4. Kawasaki Y, Kuki I, Ehara E, et al. Three cases of KCNT1 mutations:
malignant migrating partial seizures in infancy with massive systemic to
pulmonary collateral arteries. J Pediatr 2017; 191: 270–274.

5. IkedaA, UedaH,Matsui K, IaiM,Goto T. Recurrent pulmonary hemorrhage in
juvenile patients with KCNT1 mutation. Pediatr Int 2021; 63: 352–354.

Cardiology in the Young 703

https://doi.org/10.1017/S104795112300447X Published online by Cambridge University Press

https://doi.org/10.1017/S104795112300447X

	Life-threatening pulmonary haemorrhage treated with coil embolisation followed by lobectomy in a patient with KCNT1 mutation
	Introduction
	Case report
	Discussion
	Conclusion
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.3
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /sRGB
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Preserve
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 600
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.00000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 600
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.00000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages true
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth 4
  /MonoImageDownsampleThreshold 1.00000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects true
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (U.S. Web Coated \050SWOP\051 v2)
  /PDFXOutputConditionIdentifier (CGATS TR 001)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /False

  /Description <<
    /ENU ()
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /ConvertToRGB
      /DestinationProfileName (U.S. Web Coated \(SWOP\) v2)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements true
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /UseName
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /UseDocumentProfile
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


